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NATIONALADVISORYCOMMITTEEFORAERONAUTICS.

TECHNICALNOTENO.271.

FULLSO.ALEDRAGTESTSONVARIOUSPARTSOF

SPERRYMESSENGERAIRPLANE.

By FredE. Weick

Summary

Thedrag of a SperryZessengerairplanewiththewingsre- .-
moved,andalsothedragof itsvariouscomponentparts~was .-=.-:
measuredinthe20-footair stresmof theN.A.C.A.propeller

researchtunnelat air speedsfrom50 to 100M.P.H. Itwas

.* foundthatthethree-cylinderradialair-cooledengiqenearly

doubledthedragof thebarefuselage,and thedragof theland-
●

.
ing gearwasaboutthesameas thatof thefuselageand engine

combined.

Introdtiction

Heretofore,measurementsof thedragof airplanefuse- .
lages,landinggears,andotherlargep~ts I@vebeenlimited —
by thesizeof availablewindtunnelsto testson relatd.ve’ly

smallmodels. It“~sbeennecessaryto calculatethefull

scaledragfromtheresultsof themodeltestsuponthebasis

B of theprincipleofmechanicalsimilitude.Sinceallof the

conditionsof thisprinciplearenotfulfilledin themodelw
tests,thecalculatedfullscaledragisatbestmoreor less
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an a~roximation.Theapproximationmaybecomeverypoorfor
b

bodieshavingcomplicatedshapessuchas ai~cooledenginecyl-

indersandlandinggearsinwhichthemodelcannoteasilybc

made similarinalldetailsto thefullsizeobject.It isde-

sirable,therefore,to testtheseobjectsat fullscale.This

is nowpossiblein the20-footairstreamof thenowpropeller

researchwindtunnelof theNationalAdvisoryCommitteefor

Aeronautics.

TheSperryMe&sengerairplanewasoriginallymountedin

the tunnelforpropellertests. Thisnotedescribesa series

of testsmadeon thedragof variuuspartsof theairplane

withoutwings. Sincethewingshaveaboutthesamespanas
*

thediameterof theairjettheirdragas measuredin thetunnel

● wouldnotbe the sameas theirdragin flight.Thetestswore

thereforeconfinedto dragmeasurementswiththewingsandwing —
bracingremoved.Thedragof thewholeair-planewithoutwings

●

was obtainedforairvelocitiesof from50to 100M.P.H*,and

thedragdueto thelandinggear,tailsurfaces,windshield,.
cockpit,andtheradialair-cooledengine,weremeasuredat v-

locitiesfrom50 to 80 M.P.H.

MethodsandApparatus

s. TheSperryMessengerairplanewiththewingsremoved,asL
showninFigure8, wasmountedon thebalancein thetestcham-U
her,withthethrustlinehorizontaland in thecenterof the
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air stream.Figure1 is a generalviewof thetestchamber

b showingtheentranceconeandthemountingof theairplanewhich

was supportedat twopointson theaxleand oneat thetailof

thefuselage.Vfiththisarrangementthewheelsweredisplaced

3 inchesoutwardas comparedwiththeirproperpositiontoallow

roomfortheattachmentof thefairedsupports.

Theairforcemeasurementsarereadon commercialscales

locatedat groundlevel,oneof whichindicatesthethrustor .

dragdirectly.A detaileddescriptionof thebalanceas wellas

the

the

,0 out

restof thepropellerresearchtunnelwillbe publishedin

nearfuture.

In running~hetests,thetotaldragof theairplanewith-

wingsbut includingthe supportswasfirstobtainedat air

speedsfrom50 to 100M.P.H.*
fromthesupportsandheldin

meansof wirecablesfromthe

Theairplanewasthendisconnected

placewithslightclearanceby

sidesand topof thetestchamber,

and thedragof thesupportsobtainedover

air speeds.For thethirdrunthelanding

ed fromthefuselageandrefastenedto the

and thetotaldragof thelandinggearand

thesamerangeof

gearwasdisconnect-

supportingstructure

supportsobtainedin

thepresenceof thefuselage,whichstillremainedsuspended

fromthesidesandtopof thetestchamber.Thisand subsequent

testswerenot runover80M.P.H.becausethe#
not yet in conditiontobe operatedregularly

b speeds.Forthefourthtesttheairplanewas

powerplantwas

at thehigher

againmountedon
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? the landinggearandbalancesupports, andthetailsurfaces

withtheirbracingand controlwire6wereremoved.Figure1 is ._
b

a viewof theset-upforthistest. Removingtherudderlefta

hollow-groovedsectionin therearof thetail.Postwhichwas _

fairedas shownin thepicture.Thechain.

of thefuselageat thepilot’scockpitwas

pendedflightangleandair-speedrecorder

shownon theoutside

forloweringa sus-

in flighttestsand

9

s

is notpartof thestandardequipmentof theairplane.Itwas

lefton forthesetestsin ordertomakethemcomparablewith

otherexperiments.Forthefifthrunthewindshieldandthe

rollofupholsteringaroundtheedgeof thecockpitwerealso

removedas showninFigure2. The sixthrunwasmadewiththe ‘

cockpitcoveredQverwitha pieceof sheetmetalas shownin

Figure3, theenginestillbeinginplace;and thelastrunwas

madewiththeengineremovedand theoylinderand carburetor

holesin thecowlingcoveredsmoothlyby meansof sheetmetal,

carryingouttheshapeof thenose.

r

b

Results

The resultsobservedareplottedon Figure5. Nearlyevery

readingcomeswithin1 poundof a fairedcurvethroughthe

points,andit is thereforethoughtthatthefairedresultsare

accurateto withinabout1/2pound.

As shownin theillustrations,duringallof therunsin

whichthewindshieldwas inplace,~ pilotsatin thecoc@it.

In onetestthepilotplacedhisheadon eithersideof thecock-
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pit, in thecenter,antidowninsideoutof sight. Theposition
w of hisheadwasfoundto haveno noticeableeffecton thedrag

readings.

InFigure6 thedraginpoundsdueto thevariouspartsis

shownforspeedsfrom50 to 80M.P.H. Thesevaluesarealso

giveninTableI, togetherwiththeabsolutedragcoefficients,

CD = D-1 where S is thewingarea(148sq.ft.).~pvn’

In general,thedragcoeffioi.entsare constantthroughoutthe -,
speedrangewithinthelinitsof accuracyof thetests.The

additionaldragdueto theair-cooledengi”ne,however,seam

to be subjectto somescaleeffect,thedragcoefficientd-

creasingwithincreasein speed.Thisisnotunnaturalsince

the engineismadeup ofa numberof comparativelysmallparts ‘

which,consideredby themselves,weretestedat verylowvalues

of ReynoldsKumber;antiat theselowvaluesof ReynoldsNumber

scaleeffectis quitepronounced.Thecoefficientof theim

creaseddragdueto thecockpitalsodecreasesconsiderably

with increaseof speed,but theactualforcesinvolvedwereso

smallthattheaccuracyof thesemeasurementswasnotverygreat,

especiallyat,thelowspeed,s.Thecoefficientof thedragdue

to thetailsurfacesfallsoffat thelowestspeeds,butthis

also iswithinthelimitsof accuracyof theexperimentsin the

low speedrange. Theforcesarenaturallymuchgreaterat the ._

higherspeedsand theaccuracycorres~ondinglybetter.
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Therelativedragof thevariouspartsis shownmoreclear–

ly inFi~re 7. The outstandingfeatureof thechartis the

preportionatelyhighdragof thelandinggear,thisbeingabout

40 percentof thetotaldragof theairplanewithoutwings.

The landinggearevidentlyaffordsoneof themostPromising

possibilitiesforthereductionofdrag. Thelandinggearof

the SperryMessengerairplaneisnotofparticularlycleande-

sign,but,on theotherhand,ib isprobablynotfarfromaver-

age. Anotherpoint of interestis thattheincreaseddragdue

to thethree-cylinderradialenginein thenoseof thefuselage

is nearlyas largeas thedragof thebarefuselageitself.

Thepossibilityof reducingthedzagdueto radialair-cooled

enginesis no doubtworthinvestippting.

Conclusions

TheseexperimentsindicatethatfortheSperryMessenger

airplanewithoutwings,by farthelargestpossibilityof im-

provementis in reducingthedragof thelandinggearand the

air-cooledengine.

Furtherfull-scale

of landinggearsandon

recommended.

researchon thereductionof thedrag

thecowlingof air-cooledenginesis

1
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TABLE 1.

.

a 4

DRAG AND DRAG COEFFICIENT
FOR PARTSOF SPERRYMESSENGERAIRPLANEAT VARIOUSAIR-SP-131DS.

----- _-_-. ----- _---- __--— —---- --— -- - —----- ------- - --- ----- -_ ------ -------
Air Bpeed, M.P.H. T so --------

55 1 60 T -E5 ’70

H

75 1 80 T 100----------------------------------.-_—_--_---------..---— ---------—-----------
Drag of completed.rplanf3D,lb. 25.64

------------------
31.10 37.14 43.48 50.17 57.3865.26 101.00

withoutti~8 cD 02723 02727 02733 0~731.02709-:______.:----- 02705-.02708:-------.@%G__------------—----—------------- :..------L------ ---------:—__—-
Drag of bare closedfuae-D,lb. 6 7.251 8.75 10,40 12.20 14.05 15.95

lage CD .00637 .00636 .90644 .00654 .90661 .00663 .00662

Ill ~

------- -— ----- ------------- .— --- .---------------- ______ - ------ ------ ------- ________ ------ ---
Increaseddrag due to D,lb. 5.3 6.0 6:95 7.95

CD
9.05 10.2 11.3

engine .00563 .00526.00511 .00500.00491 .00481.00469-.— ---------—----- ----------------------------------------------- ---------------.---------
Increaseddrag due to IY,lb. 1.11 1.20 1.28 1.40 1.47 1.70 2.00
cQck@t CJ 00118___ -- --------.—-— ---- 00105 .00094 00088 .00080-----:----— -------------— 000s0 .00083s_____-------:______------___---------

Increas,eddrag due to D,lb. .88 1.20 1.51 1.72 1.85 1.98 2.00
windshieldand uphol- GD .00094 .00105.00111 .00108.00100 .00093.00083

-_@2zmg -------—— --------------------

-‘HJ- :

-------------------

1

-------.---------------------------
Increasein drsg due to D,lb. 2.35 3.15 4.00 4.93 5.92 6.95 8.00
tailJsurfaces CD .0025 .00276.00294 .00310.00321 .00328.00332

--—------------------------------------- -------------------_--—--- ---------------.---------
Drag of lsndinggem D,lb. 10.00 12.30 14.65 17.08 19.68 22.50 26.00

CD .01061 .01079.0107!3 .01071.01066 .01060.01079
----—_______--—----------------------—--— ------ ---—-- --- -—-——- ----——--------------------

.

.
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Fig.4 Generalarrangementdrawingof SperryMessenger
airplane.

—



z
i-
“0

180 L.

160-
H

. . :
1 Totaldrag /. ga

140- / *

5 Withoutxir&hield fi- 2., ~120
..

——-. /
and,upholstering / 5

g 100 \ :— ‘4Without tail /
r3urfaces 6 Cockpitcloeed

$ 80 \
2

and faired ,
la

“m
— 7 Engine removedand noBe faired

60 - :- S

Landinggear snd — -..-...<-
40@. ~ -%.” L@ -E _+__ _ _ supports !_

* I

-~1
.- “-.-. -----1A A & —

‘2 Sup;ortdr&
20--:,

___ -..+...— — —

0

I Dynamiopressure,q,lb.persq.ft. I
678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 I
50 5b

I
dO 6k ?b 7’5 80 8k 40 9b 1’oo

Air ~peed,milesper hour

q
Fig.5 Drag of SperryMessengerwithoutwings or propeller.,. G.

ol
.

I .,



N.A.C.A.TechnicalNoteNo.271 Figo6

a

● 28

.26

9
, .24 t

,22 /

20

18

.16
~%

.
5 14
$

2 12 @e~:!9’/ —.

8

4 ,
I 1

/

1 AT-Q cr d to Windshield& Upl
Aa& -~~ EU

1 — —
Additiona1 drag dueto

o

/

,“

I

r’&c+ ‘

—
IIstering

—

50 55 60 65 70 75 80
M.P.H.

Fig.6 Dragdueto componentpartsof SperryMessengerairplane
withoutwings,atvariousairspeeds.
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Dragof Fuselage

Increasein dragdueto engine

hmease”tndrag dueto cockpit
Increasein dragdueto windshield

Increasein dragdueto tailsurfaces

Dragof landinggear

?

b

. I

Fig.?

-.
A

Fig,7Dragdueto yariouspartsofSperry Messengera$rplane
withoutwingsat an airspeedof 80M.P.H. .,
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